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LTHOGRAPHIC APPARATUS AND DEVICE 
MANUFACTURING METHOD 

The present application is a continuation of U.S. patent 
application Ser. No. 13/242.221, filed Sep. 23, 2011, now 
allowed, which is a continuation of U.S. patent application 
Ser. No. 13/240,867, filed Sep. 22, 2011, now U.S. Pat. No. 
8,953,144, which is a continuation of U.S. patent application 
Ser. No. 12/766,609, filed Apr. 23, 2010, now U.S. Pat. No. 
8,629,971, which is a continuation of U.S. patent application 
Ser. No. 10/924,192, filed Aug. 24, 2004, now U.S. Pat. No. 
7.733,459, which claims priority from European patent 
application EP 03255376.0, filed Aug. 29, 2003, the entire 
contents of each of the foregoing applications is hereby 
incorporated by reference. 

FIELD 

The present invention relates to a lithographic projection 
apparatus and a device manufacturing method. 

BACKGROUND 

The term “patterning device' as here employed should be 
broadly interpreted as referring to any device that can be 
used to endow an incoming radiation beam with a patterned 
cross-section, corresponding to a pattern that is to be created 
in a target portion of the substrate; the term “light valve' can 
also be used in this context. Generally, the pattern will 
correspond to a particular functional layer in a device being 
created in the target portion, Such as an integrated circuit or 
other device (see below). Examples of such patterning 
devices include: 
A mask. The concept of a mask is well known in lithog 

raphy, and it includes mask types such as binary, 
alternating phase-shift, and attenuated phase-shift, as 
well as various hybrid mask types. Placement of such 
a mask in the radiation beam causes selective trans 
mission (in the case of a transmissive mask) or reflec 
tion (in the case of a reflective mask) of the radiation 
impinging on the mask, according to the pattern on the 
mask. In the case of a mask, the Support structure will 
generally be a mask table, which ensures that the mask 
can be held at a desired position in the incoming 
radiation beam, and that it can be moved relative to the 
beam if so desired. 

A programmable mirror array. One example of Such a 
device is a matrix-addressable Surface having a vis 
coelastic control layer and a reflective surface. The 
basic principle behind Such an apparatus is that (for 
example) addressed areas of the reflective surface 
reflect incident light as diffracted light, whereas unad 
dressed areas reflect incident light as undiffracted light. 
Using an appropriate filter, the undiffracted light can be 
filtered out of the reflected beam, leaving only the 
diffracted light behind; in this manner, the beam 
becomes patterned according to the addressing pattern 
of the matrix-addressable surface. An alternative 
embodiment of a programmable mirror array employs 
a matrix arrangement of tiny mirrors, each of which can 
be individually tilted about an axis by applying a 
suitable localized electric field, or by employing piezo 
electric actuator. Once again, the mirrors are matrix 
addressable, such that addressed mirrors will reflect an 
incoming radiation beam in a different direction to 
unaddressed mirrors; in this manner, the reflected beam 
is patterned according to the addressing pattern of the 
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2 
matrix-addressable mirrors. The required matrix 
addressing can be performed using Suitable electronic 
means. In both of the situations described hereabove, 
the patterning device can comprise one or more pro 
grammable mirror arrays. More information on mirror 
arrays as here referred to can be gleaned, for example, 
from U.S. Pat. No. 5,296,891 and U.S. Pat. No. 5,523, 
193, and PCT patent applications WO 98/38597 and 
WO 98/33096, which are incorporated herein by ref 
erence. In the case of a programmable mirror array, the 
Support structure may be embodied as a frame or table, 
for example, which may be fixed or movable as 
required. 

A programmable LCD array. An example of Such a 
construction is given in U.S. Pat. No. 5.229,872, which 
is incorporated herein by reference. As above, the 
Support structure in this case may be embodied as a 
frame or table, for example, which may be fixed or 
movable as required. 

For purposes of simplicity, the rest of this text may, at 
certain locations, specifically direct itself to examples 
involving a mask and mask table; however, the general 
principles discussed in Such instances should be seen in the 
broader context of the patterning devices as hereabove set 
forth. 

Lithographic projection apparatus can be used, for 
example, in the manufacture of integrated circuits (ICs). In 
Such a case, the patterning device may generate a circuit 
pattern corresponding to an individual layer of the IC, and 
this pattern can be imaged onto a target portion (e.g. 
comprising one or more dies) on a Substrate (silicon wafer) 
that has been coated with a layer of radiation-sensitive 
material (resist). In general, a single wafer will contain a 
whole network of adjacent target portions that are succes 
sively irradiated via the projection system, one at a time. In 
current apparatus, employing patterning by a mask on a 
mask table, a distinction can be made between two different 
types of machine. In one type of lithographic projection 
apparatus, each target portion is irradiated by exposing the 
entire mask pattern onto the target portion at one time. Such 
an apparatus is commonly referred to as a stepper. In an 
alternative apparatus—commonly referred to as a step-and 
scan apparatus—each target portion is irradiated by progres 
sively scanning the mask pattern under the projection beam 
in a given reference direction (the 'scanning direction) 
while synchronously scanning the Substrate table parallel or 
anti-parallel to this direction; since, in general, the projec 
tion system will have a magnification factor M (generally 
<1), the speed V at which the substrate table is scanned will 
be a factor M times that at which the mask table is scanned. 
More information with regard to lithographic devices as here 
described can be gleaned, for example, from U.S. Pat. No. 
6,046.792, incorporated herein by reference. 

In a manufacturing process using a lithographic projection 
apparatus, a pattern (e.g. in a mask) is imaged onto a 
substrate that is at least partially covered by a layer of 
radiation-sensitive material (resist). Prior to this imaging 
step, the Substrate may undergo various procedures, such as 
priming, resist coating and a soft bake. After exposure, the 
Substrate may be subjected to other procedures, such as a 
post-exposure bake (PEB), development, a hard bake and 
measurement/inspection of the imaged features. This array 
of procedures is used as a basis to pattern an individual layer 
of a device, e.g. an IC. Such a patterned layer may then 
undergo various processes such as etching, ion-implantation 
(doping), metallization, oxidation, chemo-mechanical pol 
ishing, etc., all intended to finish off an individual layer. If 



US 9,581,914 B2 
3 

several layers are required, then the whole procedure, or a 
variant thereof, will have to be repeated for each new layer. 
Eventually, an array of devices will be present on the 
substrate (wafer). These devices are then separated from one 
another by a technique such as dicing or sawing, whence the 
individual devices can be mounted on a carrier, connected to 
pins, etc. Further information regarding Such processes can 
be obtained, for example, from the book “Microchip Fab 
rication: A Practical Guide to Semiconductor Processing, 
Third Edition, by Peter van Zant, McGraw Hill Publishing 
Co., 1997, ISBN 0-07-067250-4, incorporated herein by 
reference. 

For the sake of simplicity, the projection system may 
hereinafter be referred to as the “projection lens'; however, 
this term should be broadly interpreted as encompassing 
various types of projection system, including refractive 
optics, reflective optics, and catadioptric systems, for 
example. The radiation system may also include compo 
nents operating according to any of these design types for 
directing, shaping or controlling the projection beam of 
radiation, and Such components may also be referred to 
below, collectively or singularly, as a “lens”. Further, the 
lithographic apparatus may be of a type having two or more 
substrate tables (and/or two or more mask tables). In such 
“multiple stage” devices the additional tables may be used in 
parallel, or preparatory steps may be carried out on one or 
more tables while one or more other tables are being used for 
exposures. Dual stage lithographic apparatus are described, 
for example, in U.S. Pat. No. 5,969,441 and PCT patent 
application WO 98/40791, incorporated herein by reference. 

It has been proposed to immerse the substrate in the 
lithographic projection apparatus in a liquid having a rela 
tively high refractive index, e.g. water, so as to fill a space 
between the final element of the projection system and the 
Substrate. The point of this is to enable imaging of Smaller 
features since the exposure radiation will have a shorter 
wavelength in the liquid. (The effect of the liquid may also 
be regarded as increasing the effective NA of the system and 
also increasing the depth of focus.) 
One proposal is to submerse the substrate or both sub 

strate and substrate table in a bath of liquid (see, for 
example, U.S. Pat. No. 4,509,852, hereby incorporated in its 
entirety by reference). 

Another of the Solutions proposed is for a liquid Supply 
system to provide liquid on only a localized area of the 
substrate and in between the final element of the projection 
system and the Substrate (the Substrate generally has a larger 
Surface area than the final element of the projection system). 
One way which has been proposed to arrange for this is 
disclosed in WO 99/495.04, hereby incorporated in its 
entirety by reference. As illustrated in FIGS. 2 and 3, liquid 
is confined to a localized area by being Supplied by at least 
one inlet IN onto the substrate, preferably along the direction 
of movement of the substrate relative to the final element, 
and by being removed by at least one outlet OUT after 
having passed under the projection system. That is, as the 
Substrate is scanned beneath the element in a -X direction, 
liquid is Supplied at the +X side of the element and taken up 
at the -X side. FIG. 2 shows the arrangement schematically 
in which liquid is supplied via inlet IN and is taken up on the 
other side of the element by outlet OUT which is connected 
to a low pressure source. In the illustration of FIG. 2 the 
liquid is Supplied along the direction of movement of the 
substrate relative to the final element, though this does not 
need to be the case. Various orientations and numbers of in 
and out-lets positioned around the final element are possible, 
one example is illustrated in FIG. 3 in which four sets of an 
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4 
inlet with an outlet on either side are provided in a regular 
pattern around the final element. 

Another solution which has been proposed is to contain 
the liquid to a localised area of the substrate with a seal 
member which extends along at least a part of a boundary of 
the space between the final element of the projection system 
and the substrate table. The seal member is substantially 
stationary relative to the projection system in the XY plane 
though there may be some relative movement in the Z 
direction (in the direction of the optical axis). A seal is 
formed between the seal member and the surface of the 
Substrate. In an embodiment, the seal is a contactless seal 
Such as a gas seal. 

SUMMARY 

The properties of the immersion liquid should be carefully 
controlled Such that its optical properties remain constant 
and so that elements of the Supply and projection systems are 
not contaminated with deposits. 

Accordingly, it would be advantageous, for example, to 
provide a liquid Supply system in which the quality of 
immersion liquid can be controlled. 

According to an aspect of the invention, there is provided 
a lithographic apparatus comprising: 

an illumination system configured to condition a radiation 
beam; 

a Support constructed to hold a patterning device, the 
patterning device being capable of imparting the radia 
tion beam with a pattern in its cross-section to form a 
patterned radiation beam; 

a substrate table constructed to hold a substrate; 
a projection system configured to project the patterned 

radiation beam onto a target portion of the Substrate; 
and 

a liquid Supply system configured to at least partly fill a 
space between the projection system and the Substrate 
with a liquid, the liquid Supply system comprising a 
liquid purifier configured to purify the liquid. 

In this way the lithographic projection apparatus may, for 
example, be attached to a normal main water Supply rather 
than requiring a source of pre-purified water. This is advan 
tageous as purified water can be expensive and the amount 
remaining would clearly require monitoring so that it does 
not run out. In another embodiment, immersion liquids other 
than water may be used, for example, because water may not 
be suitable for use with a projection beam of 157 nm 
wavelength. 

In an embodiment, the liquid purifier comprises a (water) 
distillation unit, and additionally or alternatively the liquid 
purifier may comprise a (water) demineralizer. In this way, 
for example, water Supplied from a normal main water 
Supply can be supplied to the lithographic projection appa 
ratus where the water is brought to a purity acceptable for 
use as immersion liquid by choice of purification units. Of 
course other additions may be required to the water Such as, 
for example, wetting agents. If the immersion liquid is not 
water, other types of purifier may be needed in addition to 
or instead of the distillation unit and demineralizer. 

In an embodiment, the (water) demineralizer is a reverse 
osmosis unit. 

In a further embodiment, the liquid purifier comprises a 
filter, which may be dynamically isolated from one or more 
further components in the liquid Supply system. The 
dynamic isolation of the filter helps to prevent clusters of 
particles which may form in the filter from breaking up and 
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being emitted downstream. Thus, particle contamination of 
the Substrate may be reduced and, in turn, yield may be 
increased. 

In an embodiment, the liquid Supply system includes a 
re-circulation mechanism configured to re-use immersion 
liquid in the space without purifying the immersion liquid 
for a re-use. Such a system may be advantageous, for 
example, because immersion liquid may be re-used without 
re-purifying thereby improving the economy of the litho 
graphic projection apparatus. 

In a further embodiment of the invention, there is pro 
vided a lithographic apparatus comprising: 

an illumination system configured to condition a radiation 
beam; 

a Support constructed to hold a patterning device, the 
patterning device being capable of imparting the radia 
tion beam with a pattern in its cross-section to form a 
patterned radiation beam; 

a substrate table constructed to hold a substrate; 
a projection system configured to project the patterned 

radiation beam onto a target portion of the Substrate; 
and 

a liquid Supply system configured to at least partly fill a 
space between the projection system and the Substrate 
with a liquid, the liquid Supply system comprising an 
ultra-violet radiation Source configured to irradiate the 
liquid prior to entry into the space. 

An ultra-violet source, which is a source other than the 
projection beam of the lithographic projection apparatus, 
may be effective to kill lifeforms present in the immersion 
liquid (water) thereby preventing further growth. Such life 
forms may include algae which would otherwise contami 
nate the lithographic projection apparatus. 

In another embodiment of the invention, there is provided 
a lithographic projection apparatus lithographic projection 
apparatus comprising: 

an illumination system configured to condition a radiation 
beam; 

a Support constructed to hold a patterning device, the 
patterning device being capable of imparting the radia 
tion beam with a pattern in its cross-section to form a 
patterned radiation beam; 

a substrate table constructed to hold a substrate; 
a projection system configured to project the patterned 

radiation beam onto a target portion of the Substrate; 
and 

a liquid Supply system configured to at least partly fill a 
space between the projection system and the Substrate 
with a liquid, the liquid Supply system comprises a 
component configured to prevent the liquid from being 
irradiated by visible light. 

In an embodiment, the component comprises a container 
or enclosure non-transparent to visible light Surrounding the 
liquid Supply system. In another embodiment, the compo 
nent comprises conduits which are non-transparent to visible 
light configured to Supply the liquid from a liquid source to 
the space. Lifeforms, such as algae, typically require visible 
light so that they can photosynthesize and grow. By pre 
venting visible light from reaching the immersion liquid, 
any lifeforms within the immersion liquid which require 
light for life will die. In this way the quality of the immer 
sion liquid may be maintained, if not improved, and con 
tamination reduced. 

In another embodiment of the invention, there is provided 
a lithographic projection apparatus lithographic projection 
apparatus comprising: 
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6 
an illumination system configured to condition a radiation 

beam; 
a Support constructed to hold a patterning device, the 

patterning device being capable of imparting the radia 
tion beam with a pattern in its cross-section to form a 
patterned radiation beam; 

a substrate table constructed to hold a substrate; 
a projection system configured to project the patterned 

radiation beam onto a target portion of the Substrate; 
and 

a liquid Supply system configured to at least partly fill a 
space between the projection system and the Substrate 
with a liquid, the liquid Supply system comprises a 
device configured to add a lifeform-growth inhibiting 
chemical to the liquid. In this solution, lifeforms such 
as algae may be killed by chemical attack. 

According to another aspect of the present invention, 
there is provided a liquid for use in a space between a 
projection system of an immersion lithographic projection 
apparatus and a Substrate to be imaged, the liquid compris 
ing a lifeform-growth inhibiting chemical. Such an immer 
sion liquid may lead to less contamination and may be more 
easily controlled in composition than an immersion liquid 
which does not include a lifeform-growth inhibiting chemi 
cal. 

According to another aspect, there is provided a litho 
graphic projection apparatus, comprising: 

an illumination system configured to condition a radiation 
beam; 

a support constructed to hold a patterning device, the 
patterning device being capable of imparting the radia 
tion beam with a pattern in its cross-section to form a 
patterned radiation beam; 

a substrate table constructed to hold a substrate; 
a projection system configured to project the patterned 

radiation beam onto a target portion of the Substrate; 
and 

a liquid Supply system configured to at least partly fill a 
space between the projection system and the Substrate 
with a liquid, the liquid being water or an aqueous 
Solution having one or more of the following properties 
(a) to (f): 

(a) an electrical conductivity of from 0.055 microSie 
mens/cm to 0.5 microSiemens/cm; 

(b) a pH of from 5 to 8 or from 6 to 8: 
(c) a content of organic compounds of 5 ppb or less or of 

1 ppb or less; 
(d) a particle content of no more than 2 particles having 

a dimension of 50 nm or greater per ml of liquid, or of 
no more than 0.5 particles having a dimension of 50 nm 
or greater per ml of liquid; 

(e) a dissolved oxygen concentration of 15 ppb or less or 
of 5 ppb or less; and 

(f) a silica content of 500 ppt or less or of 100 ppt or less. 
In this embodiment, the immersion liquid may have a high 

purity, leading to a reduction in contamination of various 
elements in the system which contact the liquid, and helping 
to avoid optical changes or imperfections. The immersion 
liquid may be purified using a liquid purifier which is 
incorporated into the lithographic apparatus as described 
above, or using a remote purification system (e.g. a point 
of-use filter or a purification unit that supplies liquid to the 
lithographic apparatus as well as other liquid users). In 
particular, the apparatus of this embodiment may avoid or 
lessen the impact of one or more of the following difficulties: 
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liquid stains on the optical elements and/or on the Sub 
strate, caused by immersion liquid drying on or being 
evacuated from the surface of the element/substrate; 

contamination of outer elements of the projection system 
by organic species; 

printing defects caused by particles or bubbles in or close 
to the focus plane; 

optical defects such as Straylight; 
damage to the resist through reaction with materials in the 

immersion liquid (e.g. bases) and contamination of the 
resist Surface through deposition of impurities. 

According to a further aspect of the present invention, 
there is provided a liquid for use in a space between a 
projection system of an immersion lithographic projection 
apparatus and a substrate to be imaged, wherein the liquid 
has one or more of the following properties (a) to (f): 

(a) an electrical conductivity of from 0.055 microSie 
mens/cm to 0.5 microSiemens/cm; 

(b) a pH of from 5 to 8 or from 6 to 8: 
(c) a content of organic compounds of 5 ppb or less or of 

1 ppb or less; 
(d) a particle content of no more than 2 particles having 

a dimension of 50 nm or greater per ml of liquid, or of 
no more than 0.5 particles having a dimension of 50 nm 
or greater per ml of liquid; 

(e) a dissolved oxygen concentration of 15 ppb or less or 
of 5 ppb or less; and 

(f) a silica content of 500 ppt or less or of 100 ppt or less. 
Such an immersion liquid may help to avoid contamina 

tion and to avoid or reduce the difficulties mentioned in the 
above paragraph. 

According to a further aspect of the invention there is 
provided a device manufacturing method, comprising: 

providing a liquid to at least partly fill a space between a 
projection system of a lithographic apparatus and a 
Substrate; and 

projecting a patterned beam of radiation through the 
liquid onto a target portion of the Substrate; and 

comprising 
providing untreated water as the liquid to the lithographic 

apparatus and purifying the untreated water using a 
liquid purifier immediately prior to providing the liquid 
to the space; or 

irradiating the liquid with ultra-violet radiation prior to 
providing the liquid to the space; or 

providing the liquid from a liquid source to the space via 
a conduit which is non-transparent to visible light; or 

providing a lifeform growth inhibiting chemical to the 
liquid prior to providing the liquid to the space; or 

providing water or an aqueous Solution as the liquid, the 
water or the aqueous solution having one or more of the 
following properties (a) to (f): 

(a) an electrical conductivity of from 0.055 microSie 
mens/cm to 0.5 microSiemens/cm; 

(b) a pH of from 5 to 8, preferably from 6 to 8: 
(c) a content of organic compounds of 5 ppb or less, 

preferably 1 ppb or less; 
(d) a particle content of no more than 2 particles having 

a dimension of 50 nm or greater per ml of immersion 
liquid, preferably no more than 0.5 particles having a 
dimension of 50 nm or greater per ml of immersion 
liquid; 

(e) a dissolved oxygen concentration of 15 ppb or less, 
preferably 5 ppb or less; and 

(f) a silica content of 500 ppt or less, preferably 100 ppt 
or less. 
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Although specific reference may be made in this text to 

the use of the apparatus according to the invention in the 
manufacture of ICs, it should be explicitly understood that 
Such an apparatus has many other possible applications. For 
example, it may be employed in the manufacture of inte 
grated optical systems, guidance and detection patterns for 
magnetic domain memories, liquid-crystal display panels, 
thin-film magnetic heads, etc. The skilled artisan will appre 
ciate that, in the context of such alternative applications, any 
use of the terms “reticle', “wafer' or “die” in this text should 
be considered as being replaced by the more general terms 
“mask”, “substrate' and “target portion', respectively. 

In the present document, the terms “radiation' and 
“beam’ are used to encompass all types of electromagnetic 
radiation, including ultraviolet radiation (e.g. with a wave 
length of 365, 248, 193, 157 or 126 mm). 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the invention will now be described, by 
way of example only, with reference to the accompanying 
schematic drawings in which: 

FIG. 1 depicts a lithographic projection apparatus accord 
ing to an embodiment of the invention; 

FIG. 2 illustrates a liquid Supply system according to an 
embodiment of the invention; 

FIG. 3 illustrates, in plan, the system of FIG. 3; 
FIG. 4 illustrates another liquid Supply system according 

to an embodiment of the invention; and 
FIG. 5 illustrates a liquid supply system from a liquid 

Source to disposal according to an embodiment of the 
present invention. 

In the Figures, corresponding reference symbols indicate 
corresponding parts. 

DETAILED DESCRIPTION 

FIG. 1 schematically depicts a lithographic projection 
apparatus according to a particular embodiment of the 
invention. The apparatus comprises: 

a radiation system EX, IL, for Supplying a projection beam 
PB of radiation (e.g. DUV radiation), which in this 
particular case also comprises a radiation Source LA; 

a first object table (mask table) MT provided with a mask 
holder for holding a mask MA (e.g. a reticle), and 
connected to a first positioning device for accurately 
positioning the mask with respect to item PL.; 

a second object table (substrate table) WT provided with 
a substrate holder for holding a substrate W (e.g. a 
resist-coated silicon wafer), and connected to a second 
positioning device for accurately positioning the Sub 
strate with respect to item PL: 

a projection system ("projection lens”) PL (e.g. a refrac 
tive system) for imaging an irradiated portion of the 
mask MA onto a target portion C (e.g. comprising one 
or more dies) of the substrate W. 

As here depicted, the apparatus is of a transmissive type 
(e.g. has a transmissive mask). However, in general; it may 
also be of a reflective type, for example (e.g. with a reflective 
mask). Alternatively, the apparatus may employ another 
kind of patterning device, such as a programmable mirror 
array of a type as referred to above. 
The source LA (e.g. an excimer laser) produces a beam of 

radiation. This beam is fed into an illumination system 
(illuminator) IL, either directly or after having traversed a 
conditioner, such as a beam expander EX, for example. The 
illuminator IL may comprise adjusting means AM for setting 
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the outer and/or inner radial extent (commonly referred to as 
O-outer and O-inner, respectively) of the intensity distribu 
tion in the beam. In addition, it will generally comprise 
various other components, such as an integrator IN and a 
condenser CO. In this way, the beam PB impinging on the 
mask MA has a desired uniformity and intensity distribution 
in its cross-section. 

It should be noted with regard to FIG. 1 that the source LA 
may be within the housing of the lithographic projection 
apparatus (as is often the case when the Source LA is a 
mercury lamp, for example), but that it may also be remote 
from the lithographic projection apparatus, the radiation 
beam which it produces being led into the apparatus (e.g. 
with the aid of suitable directing mirrors); this latter scenario 
is often the case when the source LA is an excimer laser. The 
current invention and claims encompass both of these sce 
narios. 
The beam PB subsequently intercepts the mask MA, 

which is held on a mask table MT. Having traversed the 
mask MA, the beam PB passes through the projection 
system PL, which focuses the beam PB onto a target portion 
C of the substrate W. With the aid of the second positioning 
device (and interferometer IF), the substrate table WT can be 
moved accurately, e.g. So as to position different target 
portions C in the path of the beam PB. Similarly, the first 
positioning device can be used to accurately position the 
mask MA with respect to the path of the beam PB, e.g. after 
mechanical retrieval of the mask MA from a mask library, or 
during a scan. In general, movement of the object tables MT. 
WT will be realized with the aid of a long-stroke module 
(coarse positioning) and a short-stroke module (fine posi 
tioning), which are not explicitly depicted in FIG. 1. How 
ever, in the case of a stepper (as opposed to a step-and-scan 
apparatus) the mask table MT may just be connected to a 
short stroke actuator, or may be fixed. 
The depicted apparatus can be used in two different 

modes: 
1. In step mode, the mask table MT is kept essentially 

stationary, and an entire mask image is projected at one time 
(i.e. a single “flash') onto a target portion C. The substrate 
table WT is then shifted in the X and/or Y directions so that 
a different target portion C can be irradiated by the beam PB: 

2. In scan mode, essentially the same scenario applies, 
except that a given target portion C is not exposed in a single 
“flash'. Instead, the mask table MT is movable in a given 
direction (the so-called “scan direction', e.g. the Y direction) 
with a speed V, so that the projection beam PB is caused to 
scan over a mask image; concurrently, the Substrate table 
WT is simultaneously moved in the same or opposite 
direction at a speed V-MV, in which M is the magnification 
of the projection system PL (typically, M=/4 or /s). In this 
manner, a relatively large target portion C can be exposed, 
without having to compromise on resolution. 

FIG. 4 shows a liquid reservoir 10 between the projection 
system PL and a substrate W which is positioned on the 
substrate stage WT. The liquid reservoir 10 is filled with a 
liquid 11 having a relatively high refractive index, provided 
via inlet/outlet ducts 13. The liquid may be water (as in this 
description) but can be any suitable liquid. The liquid has the 
effect that the radiation of the projection beam is a shorter 
wavelength in the liquid than in air or in a vacuum, allowing 
smaller features to be resolved. It is well known that the 
resolution limit of a projection system is determined, inter 
alia, by the wavelength of the projection beam and the 
numerical aperture of the system. The presence of the liquid 
may also be regarded as increasing the effective numerical 
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10 
aperture. Furthermore, at fixed numerical aperture, the liquid 
is effective to increase the depth of field. 

In an embodiment, the reservoir 10 forms a seal, e.g., a 
contactless seal, to the substrate Waround the image field of 
the projection system PL so that the liquid is confined to fill 
the space between the substrate's primary surface, which 
faces the projection system PL, and the final optical element 
of the projection system PL. The reservoir is formed by a 
seal member 12 positioned below and surrounding the final 
element of the projection system PL. Thus, the liquid 
containment system LCS provides liquid on only a localized 
area of the substrate. The seal member 12 forms part of the 
liquid containment system LCS for filling the space between 
the final element of the projection system and an object, Such 
as a substrate W or a sensor, on the substrate table WT with 
a liquid. This liquid is brought into the space below the 
projection system and within the seal member 12. The seal 
member 12 extends a little above the bottom element of the 
projection system and the liquid rises above the final ele 
ment so that a buffer of liquid is provided. The seal member 
12 has an inner periphery that at the upper end closely 
conforms to the shape of the projection system or the final 
elements thereof and may, e.g. be round. At the bottom the 
inner periphery forms an aperture which closely conforms to 
the shape of the image field, e.g. rectangular, though this is 
not necessarily so. The projection beam passes through this 
aperture. 
The liquid 11 is confined in the reservoir 10 by a seal 

device 16. As illustrated in FIG. 4, the seal device is a 
contactless seal, i.e. a gas seal. The gas seal is formed by gas, 
e.g. air or synthetic air, provided under pressure via inlet 15 
to the gap between seal member 12 and substrate W and 
extracted by first outlet 14. The over pressure on the gas inlet 
15, vacuum level on the first outlet 14 and the geometry of 
the gap are arranged so that there is a high-velocity gas flow 
inwards towards the optical axis of the apparatus that 
confines the liquid 11. As with any seal. Some liquid is likely 
to escape, for example up the first outlet 14. 

FIGS. 2 and 3 also depict a liquid reservoir defined by 
inlet(s) IN, outlet(s) OUT, the substrate W and the final 
element of projection system PL. Like the liquid contain 
ment system of FIG. 4, the liquid supply system illustrated 
in FIGS. 2 and 3, comprising inlet(s) IN and outlet(s) OUT. 
Supplies liquid to a space between the final element of the 
projection system and a localized area of the primary Surface 
of the substrate. 

Both of the liquid supply systems of FIGS. 2 and 3 and of 
FIG. 4 as well as other solutions, such as a bath in which the 
substrate W or the whole substrate table WT is immersed, 
can be used with the liquid Supply system of an embodiment 
of the present invention which is illustrated in FIG. 5. 

FIG. 5 shows a liquid supply system 100 according to an 
embodiment of the invention in greater detail. The liquid 
Supply system may comprise any sort of liquid containment 
system LOS such as described above, for example. The 
liquid supply system 100 forms part of the lithographic 
projection apparatus. The liquid Supply system 100 is 
designed so that a standard water source 80, for example a 
main Supply of water, can be used as the immersion liquid 
Source. However, other liquids may also be used, in which 
case re-circulation as described below is more likely to be 
used and purification may become more important. 
Main Supply water should require treatment by a liquid 

purifier before it is suitable as an immersion liquid. Other 
immersion liquids also require Such treatment especially if 
recycled as contamination can occur during use. In an 
embodiment, the purifier may be a distillation unit 120 
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and/or a demineralizer 130 and/or a de-hydrocarbonating 
unit 140 for reducing the hydrocarbon content of the liquid 
and/or a filter 150. The demineralizer 130 may be of any sort 
Such as a reverse osmosis unit, ion exchange unit or electric 
de-ionization unit, or a combination of two or more of these 
units. The demineralizer typically reduces the content of 
ionic compounds in water or an aqueous Solution Such that 
the electrical conductivity of the water or the aqueous 
solution is between 0.055 microSiemens/cm and 0.5 micro 
Siemens/cm. The demineralizer may also reduce the silica 
content to 500 ppt or less, or to 100 ppt or less. 
The de-hydrocarbonating unit 140 configured to reduce 

the hydrocarbon content of the liquid may be of the type 
which absorbs the hydrocarbons (e.g. charcoal or polymeric 
materials) or by combination of a UV light source and an ion 
exchanger. This unit 140 typically reduces the content of 
organic compounds in water or an aqueous solution to 5 ppb 
or less, for example to 3 ppb or less or to 2 ppb or less, to 
1 ppb or less or to 0.5 ppb or less. The demineralizer 130 will 
in any case remove Some of the hydrocarbons. 
The filter 150 typically reduces the particle content of the 

immersion liquid to 2 particle/ml or less, to 1 particle/ml or 
less, or to 0.5 particle/ml or less, wherein a particle is defined 
as a particle having at least one dimension of 50 nm or 
greater. In an embodiment, the filter 150 is dynamically 
isolated from one or more of the other components in the 
liquid supply system. Typically, the filter 150 is dynamically 
isolated from components in the liquid Supply system, which 
may cause mechanical shock. The filter 150, together with 
any hosing and components downstream of the filter may, 
for example, be dynamically isolated from any components 
in the system causing mechanical shocks and/or vibrations, 
for example motors, Switching valves, moving parts and 
turbulent gas flow. 

Before entering a liquid containment system LCS, the 
liquid passes through a gas content reduction device 160. 
The reduction in the gas content decreases the likelihood of 
bubble formation and the gas content reduction device 
therefore acts as a bubble reduction device. The gas content 
reduction device 160 typically reduces the dissolved oxygen 
content of the immersion liquid to 15 ppb or less, to 10 ppb 
or less or to 5 ppb or less. The gas content reduction device 
160 may work using ultra sonic waves as described in U.S. 
patent application Ser. No. 10/860.662, hereby incorporated 
in its entirety by reference, or on similar principles using 
mega sonic waves (about 1 MHz) which avoid some of the 
disadvantages of ultra Sonic waves (which can lead to 
cavitation and bubble collision with walls resulting in small 
particles breaking off the walls and contaminating the liq 
uid). Other gas content reduction devices are also possible, 
for example those described in the above mentioned United 
States patent application as well as the use of membranes 
perhaps in combination with a vacuum or by purging the 
liquid with a low solubility gas, such as helium. Membranes 
are already used for removal of gasses from liquids in fields 
Such as microelectronics, pharmaceutical and power appli 
cations. The liquid is pumped through a bundle of semi 
porous membrane tubing. The pores of the membrane are 
sized so that the liquid cannot pass through them but the 
gasses to be removed can. Thus the liquid is degassed. The 
process can be accelerated by applying to the outside of the 
tubing a low pressure. Liqui-CelTM Membrane Contractors 
available from Membrano-Charlotte, a division of Celgard 
Inc. of Charlotte, N.C., USA are, for example, suitable for 
this purpose. 

Purging with a low solubility gas is a known technique 
applied in high performance liquid chromatography (HPLC) 
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to prevent gas bubble trapping in a reciprocating pump head. 
When the low solubility gas is purged through the liquid, it 
drives out other gases, such as carbon dioxide and oxygen. 

After use in the liquid containment system LCS, the 
immersion liquid may be disposed of through a drain 200. 
Alternatively, the immersion liquid (or part thereof) which 
has already been used in the liquid containment system LCS 
may be recycled to pass through the liquid containment 
system again (via conduit 115) either with or without 
passing through all or Some components of the liquid 
purifier. The liquid purifier may be made up of other 
components and the distillation unit 120, demineralizer 130, 
de-hydrocarbonating unit 140 and filter 150 may be posi 
tioned in any order. 

Recycling of immersion liquid which has not yet passed 
through the liquid containment system LCS is also envis 
aged. For example, liquid may be extracted from the liquid 
purifier after having passed through one or more of the 
components, and recycled via conduit 115 to enter the liquid 
purifier again at a location further up-stream. In this way, the 
immersion liquid passes through at least one of the compo 
nents of the liquid purifier more than once before entering 
the liquid containment system. This embodiment has an 
advantage that an improved immersion liquid purity may be 
achieved. 

Recycling the immersion liquid, either before or after 
passing through the liquid containment system, also enables 
the immersion liquid to be kept flowing at all times, even 
when there is no flow through outlet 200. This helps to avoid 
the presence of Stagnant liquid in the system, which is an 
advantage since stagnant liquid (such as water) is known to 
be prone to contamination due to, for example, leaching 
from construction materials. 

In FIG. 5, liquid pumps used to re-circulate immersion 
liquid and to circulate liquid in the liquid containment 
system LCS are not illustrated. 
The liquid supply system 100 of FIG. 5 also has several 

measures intended for the reduction or elimination of growth 
of lifeforms in the immersion liquid. Even very low levels 
of such lifeforms in a main water supply 80 may lead to 
contamination of the liquid supply system 100. Such life 
forms can include algae, bacteria and fungi. 

There are at least three main ways to reduce the growth of 
Such lifeforms which are illustrated in FIG. 5. It will be 
appreciated that these ways may be used individually or in 
any combination. The first way, effective for algae and other 
green plants, is to ensure that liquid is not irradiated with 
visible light, for example by ensuring that the conduits 110. 
115 transporting water in the liquid supply system 100 are 
manufactured of a material which is non-transparent to 
visible light. Alternatively, the conduits 110, 115 may be 
clad in a material which does not transmit visible light. 
Alternatively or in addition, the entire liquid Supply system 
100 or even the whole apparatus may be housed in a 
container or enclosure (such as a room) 180 which is not 
transparent to visible light. In this way, the organisms in the 
liquid cannot photosynthesize and therefore cannot grow or 
increase. Suitable non-visible light transmissive materials 
are stainless steels, polymers etc. 

FIG. 5 also illustrates the use of an ultra-violet source 145 
which is used to illuminate the immersion liquid. The UV 
source 145 is used to illuminate the liquid before it passes 
through the liquid containment system LCS Such that it is a 
separate illumination system to the projection beam PB 
(which is used to image the substrate W). The UV source 
145 may be positioned anywhere in the liquid Supply system 
100 upstream of the liquid containment system LCS. The 
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UV source kills lifeforms which are then removed from the 
liquid by a particle filter, for example filter 150. A suitable 
pore size for the filter is 0.03 to 2.0 um though other sizes 
may also be used, for example 0.1 to 2.0 Lum. 
A further way of reducing the effect of organisms on the 

lithographic projection apparatus is to add a lifeform-growth 
inhibiting chemical into the immersion liquid (which, in the 
case illustrated in FIG. 5, is water). This is achieved using 
a lifeform-growth inhibiting chemical adding device 147 
which may be positioned upstream or downstream of any of 
the other components 120, 130, 140, 145, 150, 160 of the 
liquid Supply system. Typical chemicals are halogen con 
taining compounds (mostly chlorine or bromine based), 
alcohols, aldehydes, ozone and heavy metals. The dose level 
of any such chemical should be very low to ensure that the 
immersion liquid purity requirements are met. In an embodi 
ment, lifeform-growth inhibiting chemical is not used in 
order that the immersion liquid purity requirements are met. 
Of course the adding device 147 may also add other 

chemicals to the immersion liquid Such as Surfactants and 
Wetting agents. 

While the embodiment in FIG. 5 is illustrated with the 
immersion liquid first being distilled, then de-mineralized 
then dehydrocarbonated and then irradiated with UV, before 
being filtered and finally de-gassed (i.e. de-bubbled), this 
may happen in any order. Furthermore, chemicals may be 
added to the liquid at any stage upstream of the liquid 
confinement system LCS and re-circulated liquid may also 
be added at any stage upstream of the liquid confinement 
system LCS. Where the re-circulated liquid is added will be 
dependent upon its purity. In the example illustrated in FIG. 
5, solid lines indicate the re-circulated liquid is added 
downstream of the adding device 147, the distillation unit 
120, the de-mineralizing unit 130, the de-hydrocarbonating 
unit 140, the UV source 145, the filter 150 and the gas 
content reduction device 160. The dashed lines show alter 
native positions at which recycled liquid may be added. In 
an implementation, the recycled liquid is added upstream of 
at least, the filter 150. 

In an embodiment of the invention, the liquid purifier 
purifies an immersion liquid which is water or an aqueous 
Solution so that the immersion liquid has one or more of the 
properties (a) to (f) set out below. In an embodiment of the 
invention, the immersion liquid has one or more of the 
following properties (a) to (f): 

(a) an electrical conductivity of from 0.055 microSie 
mens/cm to 0.5 microSiemens/cm; 

(b) a pH of from 6 to 8: 
(c) a content of organic compounds of 1 ppb or less; 
(d) a particle content of no more than 0.5 particles having 

a dimension of 50 nm or greater per ml of immersion 
liquid; 

(e) a dissolved oxygen concentration of 5 ppb or less; and 
(f) a silica content of 100 ppt or less. 
The electrical conductivity of the immersion liquid is 

typically controlled using a demineralizer, for example an 
ion exchanger or an electrical deionization unit, Such that it 
is from 0.055 microSiemens/cm to 0.5 microSiemens/cm. In 
an embodiment, the electrical conductivity is 0.3 microSie 
mens/cm or less, for example 0.1 microSiemens/cm or less. 
The demineralizer can also be used to control the content of 
silica in the immersion liquid. In an embodiment, the silica 
content is 500 ppt or less, for example 200 ppt or less, 100 
ppt or less, 90 ppt or less, or even 80 ppt or less. 
The pH of the immersion liquid may be controlled by any 

Suitable means. Typically, if main Supply water purified 
using a liquid purifier in accordance with the above 
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described embodiments is used, the pH will be within the 
range of 5 to 8, or of 6 to 8. If additives are included in the 
immersion liquid, the amount of Such additives should be 
controlled such that the pH of the immersion liquid remains 
between 5 and 8. The desired pH can, alternatively, be 
achieved by adding a Suitable buffer using, for example, 
adding device 147. The pH should be controlled by limiting 
the presence of components which may alter the pH of the 
liquid (e.g., water or aqueous solution). This is often pre 
ferred to the addition of, for example, buffers, since the 
presence of a buffer may affect the purity of the immersion 
liquid in other ways. 
The concentration of organic compounds in the immer 

sion liquid is typically controlled by a de-hydrocarbonating 
unit 140 configured to reduce the hydrocarbon content. 
Similarly, the number of particles present in the immersion 
liquid can be controlled using filters. The particle content of 
the immersion liquid is the content of particles having a size 
larger than the lowest feature size in the lithography process. 
Thus, the particle content is the content of particles having 
at least one dimension of 50 nm or greater. 
The oxygen content of the immersion liquid is typically 

controlled using a gas content reduction device as described 
above. In an embodiment, the oxygen content is reduced to 
15 ppb or less, to 10 ppb or less, to 7 ppb or less, to 5 ppb 
or less, to 4 ppb or less, or to 3 ppb or less. 
The liquid Supply system 100 may optionally comprise a 

measuring device (not depicted in FIG. 5 but may be placed 
anywhere in the liquid supply system 100, in an embodiment 
between the liquid containment system LCS and the gas 
content reduction device 160) which can be used to measure 
one or more of the properties (a) to (f) of the immersion 
liquid. Such a measuring device may, for example, be 
located downstream of at least one, and, in an embodiment, 
all, of the components 120, 130, 140, 145, 150 and 160 of 
the liquid Supply system. An off-line measuring device may 
also be employed, in which a sample of liquid is extracted 
from a suitable sampling point in the liquid Supply system 
and fed to the off-line measuring device. The measuring 
device will, in one embodiment, comprise one or more 
measuring devices selected from an electrical conductivity 
measuring device, a pH sensor, a TOC analyzer, a particle 
counter, an oxygen sensor and a total silica measuring 
device. A bubble measuring device may also be used. 
Suitable techniques for measuring each of the properties (a) 
to (f) will be familiar to the skilled person in the art. 

In an embodiment, there is provided a lithographic pro 
jection apparatus comprising: an illumination system con 
figured to condition a radiation beam; a Support constructed 
to hold a patterning device, the patterning device being 
capable of imparting the radiation beam with a pattern in its 
cross-section to form a patterned radiation beam; a substrate 
table constructed to hold a Substrate; a projection system 
configured to project the patterned radiation beam onto a 
target portion of the Substrate; and a liquid Supply system 
configured to at least partly fill a space between the projec 
tion system and the Substrate with a liquid, the liquid Supply 
system comprising a liquid purifier configured to purify the 
liquid. 

In an embodiment, the liquid purifier comprises a distil 
lation unit. In an embodiment, the liquid purifier comprises 
a de-hydrocarbonating unit configured to reduce the hydro 
carbon content of the liquid. In an embodiment, the liquid 
purifier comprises a demineralizer. In an embodiment, the 
demineralizer comprises a reverse osmosis unit, an ion 
exchanger or a de-ionization unit. In an embodiment, the 
liquid purifier comprises a filter. In an embodiment, the filter 
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is dynamically isolated from one or more other components 
in the liquid Supply system. In an embodiment, the liquid 
Supply system includes a re-circulation mechanism config 
ured to re-use liquid in the space without purifying the liquid 
for a re-use. In an embodiment, the liquid Supply system 
includes a re-circulation mechanism configured to re-use 
liquid in the space and the liquid is partly or fully purified 
for a re-use. In an embodiment, the liquid Supply system 
further comprises a circulation mechanism configured to 
provide liquid from the liquid purifier to the space. In an 
embodiment, the liquid is water or an aqueous Solution and 
the liquid purifier is configured to purify the water or 
aqueous Solution Such that it has one or more of the 
following properties (a) to (f): (a) an electrical conductivity 
of from 0.055 microSiemens/cm to 0.5 microSiemens/cm; 
(b) a pH of from 5 to 8; (c) a content of organic compounds 
of 5 ppb or less; (d) a particle content of no more than 2 
particles having a dimension of 50 nm or greater per ml of 
liquid; (e) a dissolved oxygen concentration of 15 ppb or 
less; and (f) a silica content of 500 ppt or less. In an 
embodiment, the pH of the liquid is from 6 to 8, the content 
of organic compounds of the liquid is 1 ppb or less, the 
particle content of the liquid is no more than 0.5 particles 
having a dimension of 50 nm or greater per ml of liquid, the 
dissolved oxygen concentration of the liquid is 5 ppb or less, 
the silica content of the liquid is 100 ppt or less, or any 
combination of the foregoing. In an embodiment, the liquid 
Supply system comprises an ultra-violet source configured to 
irradiate the liquid prior to entry into the space. In an 
embodiment, the liquid Supply system comprises a container 
or enclosure non-transparent to visible light Surrounding the 
liquid supply system. In an embodiment, the liquid supply 
system comprises conduits which are non-transparent to 
visible light configured to Supply the liquid from a liquid 
Source to the space. In an embodiment, the liquid Supply 
system comprises a device configured to add a lifeform 
growth inhibiting chemical to the liquid. 

In an embodiment, there is provided a lithographic pro 
jection apparatus comprising: an illumination system con 
figured to condition a radiation beam; a Support constructed 
to hold a patterning device, the patterning device being 
capable of imparting the radiation beam with a pattern in its 
cross-section to form a patterned radiation beam; a substrate 
table constructed to hold a Substrate; a projection system 
configured to project the patterned radiation beam onto a 
target portion of the Substrate; and a liquid Supply system 
configured to at least partly fill a space between the projec 
tion system and the Substrate with a liquid, the liquid Supply 
system comprising an ultra-violet radiation source config 
ured to irradiate the liquid prior to entry into the space. 

In an embodiment, the ultra-violet radiation is selected to 
kill lifeforms in the liquid. In an embodiment, the liquid 
Supply system comprises a particle filter configured to 
remove lifeforms killed by the ultra-violet radiation. 

In an embodiment, there is provided a lithographic pro 
jection apparatus comprising: an illumination system con 
figured to condition a radiation beam; a Support constructed 
to hold a patterning device, the patterning device being 
capable of imparting the radiation beam with a pattern in its 
cross-section to form a patterned radiation beam; a substrate 
table constructed to hold a Substrate; a projection system 
configured to project the patterned radiation beam onto a 
target portion of the Substrate; and a liquid Supply system 
configured to at least partly fill a space between the projec 
tion system and the Substrate with a liquid, the liquid Supply 
system comprises a component configured to prevent the 
liquid from being irradiated by visible light. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
In an embodiment, the component comprises a container 

or enclosure non-transparent to visible light Surrounding the 
liquid Supply system. In an embodiment, the component 
comprises conduits which are non-transparent to visible 
light configured to Supply the liquid from a liquid Source to 
the space. 

In an embodiment, there is provided a lithographic pro 
jection apparatus comprising: an illumination system con 
figured to condition a radiation beam; a Support constructed 
to hold a patterning device, the patterning device being 
capable of imparting the radiation beam with a pattern in its 
cross-section to form a patterned radiation beam; a substrate 
table constructed to hold a Substrate; a projection system 
configured to project the patterned radiation beam onto a 
target portion of the Substrate; and a liquid Supply system 
configured to at least partly fill a space between the projec 
tion system and the Substrate with a liquid, the liquid Supply 
system comprising a device configured to add a lifeform 
growth inhibiting chemical to the liquid. 

In an embodiment, the chemical is selected from the 
group consisting of halogen containing compounds, alco 
hols, aldehydes, oZone and heavy metals. In an embodiment, 
the device is further configured to add a Surfactant, a wetting 
agent, or both, to the liquid. 

In an embodiment, there is provided a liquid for use in a 
space between a projection system of an immersion litho 
graphic projection apparatus and a Substrate to be imaged, 
the liquid comprising a lifeform-growth inhibiting chemical. 

In an embodiment, the chemical is selected from the 
group consisting of halogen containing compounds, alco 
hols, aldehydes, oZone and heavy metals. In an embodiment, 
the liquid further comprises a surfactant, a wetting agent, or 
both. 

In an embodiment, there is provided a lithographic pro 
jection apparatus comprising: an illumination system con 
figured to condition a radiation beam; a Support constructed 
to hold a patterning device, the patterning device being 
capable of imparting the radiation beam with a pattern in its 
cross-section to form a patterned radiation beam; a substrate 
table constructed to hold a Substrate; a projection system 
configured to project the patterned radiation beam onto a 
target portion of the Substrate; and a liquid Supply system 
configured to at least partly fill a space between the projec 
tion system and the Substrate with a liquid, the liquid 
comprising a lifeform-growth inhibiting chemical. 

In an embodiment, the chemical is selected from the 
group consisting of halogen containing compounds, alco 
hols, aldehydes, oZone and heavy metals. In an embodiment, 
the liquid further comprises a Surfactant, a wetting agent, or 
both. 

In an embodiment, there is provided a lithographic pro 
jection apparatus comprising: an illumination system con 
figured to condition a radiation beam; a Support constructed 
to hold a patterning device, the patterning device being 
capable of imparting the radiation beam with a pattern in its 
cross-section to form a patterned radiation beam; a substrate 
table constructed to hold a Substrate; a projection system 
configured to project the patterned radiation beam onto a 
target portion of the Substrate; and a liquid Supply system 
configured to at least partly fill a space between the projec 
tion system and the Substrate with a liquid, the liquid being 
water or an aqueous solution having one or more of the 
following properties (a) to (f): (a) an electrical conductivity 
of from 0.055 microSiemens/cm to 0.5 microSiemens/cm; 
(b) a pH of from 5 to 8 or from 6 to 8; (c) a content of organic 
compounds of 5 ppb or less or of 1 ppb or less; (d) a particle 
content of no more than 2 particles having a dimension of 50 
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nm or greater per ml of liquid, or of no more than 0.5 
particles having a dimension of 50 nm or greater per ml of 
liquid; (e) a dissolved oxygen concentration of 15 ppb or less 
or of 5 ppb or less; and (f) a silica content of 500 ppt or less 
or of 100 ppt or less. 

In an embodiment, the pH of the liquid is from 6 to 8, the 
content of organic compounds of the liquid is 1 ppb or less, 
the particle content of the liquid is no more than 0.5 particles 
having a dimension of 50 nm or greater per ml of liquid, the 
dissolved oxygen concentration of the liquid is 5 ppb or less, 
the silica content of the liquid is 100 ppt or less, or any 
combination of the foregoing. In an embodiment, the liquid 
Supply system comprises a liquid containment system con 
taining the liquid. 

In an embodiment, there is provided a liquid for use in a 
space between a projection system of an immersion litho 
graphic projection apparatus and a Substrate to be imaged, 
wherein the liquid has one or more of the following prop 
erties (a) to (f): (a) an electrical conductivity of from 0.055 
microSiemens/cm to 0.5 microSiemens/cm; (b) a pH of from 
5 to 8 or from 6 to 8; (c) a content of organic compounds of 
5 ppb or less or of 1 ppb or less; (d) a particle content of no 
more than 2 particles having a dimension of 50 nm or greater 
per ml of liquid, or of no more than 0.5 particles having a 
dimension of 50 nm or greater per ml of liquid; (e) a 
dissolved oxygen concentration of 15 ppb or less or of 5 ppb 
or less; and (f) a silica content of 500 ppt or less or of 100 
ppt or less. 

In an embodiment, the pH of the liquid is from 6 to 8, the 
content of organic compounds of the liquid is 1 ppb or less, 
the particle content of the liquid is no more than 0.5 particles 
having a dimension of 50 nm or greater per ml of liquid, the 
dissolved oxygen concentration of the liquid is 5 ppb or less, 
the silica content of the liquid is 100 ppt or less, or any 
combination of the foregoing. 

While specific embodiments of the invention have been 
described above, it will be appreciated that the invention 
may be practiced otherwise than as described. The descrip 
tion is not intended to limit the invention. 

The invention claimed is: 
1. A lithographic apparatus comprising 
a substrate table constructed to hold a substrate; 
a projection system configured to project a patterned 

radiation beam onto a target portion of the Substrate; 
a liquid Supply system configured to at least partly fill a 

space between a final element of the projection system 
and the Substrate with an immersion liquid, the liquid 
Supply system comprising a liquid purifier configured 
to at least partially purify the immersion liquid, the 
liquid purifier comprising at least one selected from: a 
distillation unit, a de-hydrocarbonating unit configured 
to reduce the hydrocarbon content of the immersion 
liquid, a demineralizer, a filter, and/or a source to 
provide ultra-violet radiation; 

a liquid confinement structure constructed to at least 
partially confine the immersion liquid to the space, 
wherein the substrate table is movable relative to the 
liquid confinement structure during projection of the 
patterned radiation beam and wherein the liquid con 
finement structure has: 

an opening, in a bottom Surface of the member, configured 
to remove fluid from the space, and 

an open aperture located underneath a lower Surface of the 
projection system and above the table, a cross-sectional 
dimension of the aperture being Smaller than a cross 
sectional dimensional of the lower surface of the pro 
jection system, the open aperture configured to allow 
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the liquid to flow therethrough between above the open 
aperture and below the open aperture, and the open 
aperture configured to allow the radiation beam to pass 
therethrough; and 

an inlet configured to Supply the immersion liquid to the 
space at a position located above the aperture. 

2. The lithographic apparatus of claim 1, further compris 
ing a measurement device configured to measure a property 
of the immersion liquid indicative of contamination, the 
measurement device located downstream of the liquid puri 
fier. 

3. The lithographic apparatus of claim 2, wherein the 
property is one or more selected from: electrical conductiv 
ity, pH, TOG, particles, oxygen, total silica and/or bubbles. 

4. The lithographic apparatus of claim 1, further compris 
ing a re-circulation mechanism configured to re-circulate the 
at least partially purified immersion liquid in the space. 

5. The lithographic apparatus of claim 4, wherein the 
re-circulation mechanism is configured to add the at least 
partially purified immersion liquid upstream of the liquid 
purifier. 

6. The lithographic apparatus of claim 4, wherein the 
re-circulation mechanism is configured to re-use the at least 
partially purified immersion liquid in the space without 
further purifying. 

7. The lithographic apparatus of claim 4, further compris 
ing a measurement device configured to measure a property 
of the immersion liquid indicative of contamination, the 
measurement device located downstream of the liquid puri 
fier. 

8. The lithographic apparatus of claim 7, wherein the 
property is one or more selected from: electrical conductiv 
ity, pH, TOG, particles, oxygen, total silica and/or bubbles. 

9. The lithographic apparatus of claim 1, wherein the 
liquid purifier comprises at least one selected from: the 
distillation unit, the de-hydrocarbonating unit configured to 
reduce the hydrocarbon content of the immersion liquid, the 
demineralizer, and/or the source to provide ultra-violet 
radiation. 

10. A lithographic apparatus comprising: 
a movable table; 
a projection system configured to project a patterned 

radiation beam onto a target portion of a Substrate; 
a liquid Supply system configured to at least partly fill a 

space between the projection system and the table with 
an immersion liquid; 

a member having: 
an opening, in a bottom Surface of the member, con 

figured to remove fluid from the space, and 
an open aperture located underneath a lower Surface of 

the projection system and above the table, a cross 
sectional dimension of the aperture being Smaller 
than a cross-sectional dimensional of the lower Sur 
face of the projection system, the open aperture 
configured to allow the immersion liquid to flow 
therethrough between above the open aperture and 
below the open aperture, and the open aperture 
configured to allow the radiation beam to pass there 
through; 

an inlet configured to Supply the immersion liquid to the 
space at a position located above the aperture; and 

a degasser system configured to separate gas and liquid. 
11. The lithographic apparatus of claim 10, wherein the 

degasser system is configured to degas immersion liquid 
being Supplied to the space and to degas fluid removed 
through the opening. 
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12. The lithographic apparatus of claim 11, further com 
prising a re-circulation mechanism configured to re-circulate 
the at least partially purified immersion liquid in the space. 

13. The lithographic apparatus of claim 10, further com 
prising a structure comprising a plurality of pores and the 
liquid handling system is configured to pass the fluid 
through the structure prior to separation of gas and liquid by 
the degasser system. 

14. The lithographic apparatus of claim 10, wherein the 
degasser system comprises a membrane to separate the gas 
and liquid, the membrane downstream from and not in 
contact with the space. 

15. The lithographic apparatus of claim 10, further com 
prising a liquid purifier configured to purify the immersion 
liquid. 

16. A lithographic apparatus comprising: 
a movable table; 
a projection system configured to project a patterned 

radiation beam onto a target portion of a Substrate; 
a liquid Supply system configured to at least partly fill a 

space between the projection system and the table with 
an immersion liquid; 

a liquid confinement structure constructed to at least 
partially confine the immersion liquid to the space, the 
liquid confinement structure having an external Surface 
with an opening therein, the opening connected to an 
outlet passage configured to remove fluid from the 
space; and 

a degasser System, downstream from the opening and in 
the fluid path of the outlet passage, configured to 
separate gas or liquid from the fluid removed from the 
space via the opening. 
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17. The lithographic apparatus of claim 16, wherein the 

degasser system is further configured to degas immersion 
liquid being Supplied to the space. 

18. The lithographic apparatus of claim 16, further com 
prising a re-circulation mechanism configured to re-circulate 
the at least partially purified immersion liquid in the space. 

19. The lithographic apparatus of claim 16, wherein the 
degasser system comprises a membrane to separate the gas 
or liquid from the fluid, the membrane downstream from and 
not in contact with the space. 

20. The lithographic apparatus of claim 16, wherein the 
liquid confinement structure has: 

an opening, in a bottom surface of the member, configured 
to remove fluid from the space, and 

an open aperture located underneath a lower Surface of the 
projection system and above the table, a cross-sectional 
dimension of the aperture being Smaller than a cross 
sectional dimensional of the lower surface of the pro 
jection system, the open aperture configured to allow 
the liquid to flow therethrough between above the open 
aperture and below the open aperture, and the open 
aperture configured to allow the radiation beam to pass 
therethrough; and 

further comprising an inlet configured to Supply the 
immersion liquid to the space at a position located 
above the aperture. 

21. The lithographic apparatus of claim 16, further com 
prising a liquid purifier configured to purify the immersion 
liquid. 


